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Abstract

Lecture

Week 1

Plant classification is one of the core components in undergraduate
programs related to plant sciences. Traditionally plant classification
courses primarily introduce morphology-based taxonomy because of
practical needs in the field. However, the publication of new plant
classification systems by Angiosperm Phylogeny Group (APG) using
molecular phylogeny methods leads to the trends of using molecular
evidence (DNA barcode) for plant identification. In our introductory
plant classification course, we included a two-week module (lectures and
labs) to introduce key concepts and fundamental skills in molecular
phylogeny. Week 1 included concepts of evolutionary tree thinking,
data mining in NCBI using BLAST search, and phylogenetic tree
building. Week 2 introduced concepts of DNA sequencing and
barcoding for plant identification. Student selected their own plants to
sequence the DNA barcodes, which were then used in the final exam
for practice and summative assessments. One challenge we are
constantly dealing with is the increasing difficulty in finding diverse
sequence using BLAST because of the fast-growing number of
angiosperm genomes sequenced.

Design of the Module

• Purdue University is the land-grant university of Indiana, and has an
undergraduate enrollment > 32,000 students.
• The Department of Botany and Plant Pathology is housed in the
College of Agriculture.
• BTNY305: Fundamentals of Plant Classification is one of the
required core curricula for the “Plant Science” major with the
Department of Botany and Plant Pathology, and is also required for
majors with forestry and horticulture departments.
• The course is capped at 22 students per semester due to the lab and
field trip capacity.
• The student pool consists of sophomore, junior and senior students.
• The course is offered only in fall semester to adapt the flowering
season of most Indiana floral.

Week 2

Course Settings

• Students will be able to find orthologs of a given gene using BLAST
search, perform a multiple sequence alignment using MAFFT and
build a maximum likelihood phylogenetic tree using the IQ-TREE
web server.
• Students will be able to identify plants using DNA barcodes and
assess the evolutionary relationships of plant species using
phylogenetic trees built with DNA barcodes.

Final Exam

Learning Objectives

Assessment
Lab

Introduction to phylogenetics
• Phylogeny infers evolution;
• How to interpret a
phylogenetic tree;
• Using DNA or protein
sequence to build trees.

BLAST search and tree building
• Search genes by similarity ;
• Multiple sequence alignment
using MAFFT;
• Build phylogenetic trees;
• Identify orthologs and species
using tress.

DNA sequencing and barcodes
• Sanger sequencing;
• Next-generation sequencing;
• DNA barcoding and common
barcodes;
• Phylogeny using DNA
barcodes.

Genomic DNA extraction and
PCR lab
• Students chose species ;
• Genomic DNA extraction;
• Amplify the rbcL (Rubisco)
using PCR;
• Sequence PCR products.

• Low-stakes formative assessment
o Lab participation and completion
o Ensure student engagement
• High-stakes summative assessment
o Final exam
o Students worked on their own data

Percentage Grade from Final Exam 2017

What We Learned from the Implementation
• Autonomy boosts student intrinsic motivation
o Having student choose their own plant species to work on
enhanced engagement in the lab;
o Students have better grades for the final exam question using their
own data.
• Consider introducing phylogeny earlier in the course
o The idea of “common ancestor” should be emphasized more
frequently;
o Provide students more opportunities to interpret phylogenetic trees.

Challenge
• Too many genome sequences from model species and crop plants to
obtain diversity from a simple BLAST search;
• We ask students to exclude Brassicaceae and Poaceae from their
search.

Computational Tools
• BLAST:
https://blast.ncbi.nlm.nih.gov/Blast.cgi
Reference: https://doi.org/10.1016/S0022-2836(05)80360-2
• MAFFT server:
https://mafft.cbrc.jp/alignment/server/
Reference: https://doi.org/10.1093/nar/gkf436
• IQ-TREE server:
http://www.iqtree.org/
https://www.hiv.lanl.gov/content/sequence/IQTREE/iqtree.html
Reference: https://doi.org/10.1093/nar/gkw256
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